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In recent decades, finite time thermodynamic theory has attracted the 
attention of many investigators and has become an animate subject in the 
research of thermodynamic cycle device. A number of investigators have been 
studying the optimum performance of thermodynamic cycles including those of 
heat engine, refrigerator, heat pump, chemical engine, chemical pump, 
solar-driven thermodynamic cycle device and so on. These research results are 
closer to the reality than those of classical thermodynamics.  
For the study of a heat engine or chemical engine cycle, most of 
investigators often took power output or efficiency as objective function in 
order to obtain optimum cyclic performance of these devices. And some 
scholars did that by employing an ecological function. The latter is also of great 
expansibility, which has a great significance for saving energy and reducing 
environmental pollution and accords with the strategic target of sustainable 
development.       
 In this thesis, the new cyclic models of an irreversible Diesel heat engine 
and irreversible solar-driven Braysson heat engine are established, in which 
finite-rate heat transfer, heat leak, internal irreversibility of cyclic working fluid 
and other irreversible effects are taken into account. Based on finite time 
thermodynamics and the optimal control theory method, some important 
mathematical expressions involving fundamental thermodynamic parameters 
and general performance characteristics of the cycles are obtained. The 















for the performance evaluation, improvement, and optimization of practical heat 
engines. 
In Chapter 2, we propose a finite-time thermodynamics model for a Diesel 
heat engine cycle. Our model considers heat leak between cylinder wall and 
environment in combustion process, internal irreversibility of cyclic working 
fluid in adiabatic processes, and cycle time.  Based on the new cyclic model, 
the mathematical expressions between power output, efficiency, ecological 
function and pressure ratio, working fluid temperature and internal 
irreversibility parameter are derived. By using numerical solution method, the 
optimal cycle performance characteristics of the engine at maximum power 
output, maximum efficiency and maximum ecological function are analyzed 
and discussed. At the same time, we evaluate and compare the related 
performance parameters at three kinds of optimization objective function. 
Moreover, some special cases are deduced from the results obtained.    
On the basis of the cyclic model of an irreversible Braysson heat engine, the 
optimal performance characteristics of the engine are further studied with three 
kinds of objective function in Chapter 3. The relations between power output, 
efficiency, total entropy production, and ecological function and some operating 
temperature of working fluid in the engine cycle are analyzed and discussed in 
detail. The optimal cyclic performance parameters of the engine at three classes 
of optimization criterion are also investigated and compared. 
In Chapter 4, an irreversible solar-driven Braysson heat engine system is set 
up, in which finite-rate heat transfer, heat loss of solar collector, internal 
irreversibility of cyclic working fluid are taken into account. Based linear heat 















the solar-driven Braysson heat engine system is obtained. It is found that the 
total efficiency of the system is a function of operating temperature of the 
collector with given other parameters. Furthermore, the relations between the 
total efficiency and the operating temperature or other parameters of the 
collector are analyzed and the optimum operating temperature of the collector is 
evaluated. The influences of the internal irreversibility and the high-low 
temperature ratio in isobaric process on the optimal performance of the system 
are revealed. Moreover, many important conclusions relative to endoreversible 
solar-driven Carnot engines can be deduced directly from the results in this 
thesis. 
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第一章                             引  言 
 1










限，是有限时间热力学 初所研究的主要内容。 Novikov[1] ，
Chambadal[2],Curzon 和 Ahlborn[3]等人是这方面工作的先驱。例如，1975
年，加拿大学者 Curzon 和 Ahlborn 考虑了系统与环境间存在有限速率传
热的卡诺热机，导出了工质与高、低温热源(温度分别为 HT 、 LT )间有传热
不可逆损失的卡诺热机在 大输出功率时的效率 HLm TT /1−=η ，即“CA
效率”。CA 效率的导出是有限时间热力学诞生的一个重要标志。它与卡诺
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